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condition typically varies over time. Using a trigger 
threshold based on the Ec/lo ratio at the mobile sta- 
tion thus makes the threshold sensitive to the cur- 
rent traffic load condition at the serving base station. 
Accordingly, a handoff trigger based on received s 
Ec/lo does not accurately reflect the ability of the 
serving base station to sustain a quality voice link 
with a given mobile station. 

2. Using set handoff or handdown trigger thresholds 
based on Ec/lo can cause a handoff either too soon 
or too late, because the Ec/lo measurements with 
which the thresholds are compared vary depending 
on traffic loading of the system. Setting the thresh- 
olds too high will cause a handoff to be initiated too 
soon when the mobile station travels inward (i.e., 
toward) the serving base station, while setting these 
thresholds lower can seriously delay a handoff or 
handdown as the mobile station moves farther into 

the bordering cell of the second communication 20 
system. Also, triggering a handoff or handdown too 
early causes the base station cell to reduce its traffic 
capacity unnecessarily. On the other hand, a late 
handoff or handdown impairs the quality of an ex- 
isting voice link. 25 

3. In an analog system such as AMPS, a typical 
base station covers less area than a typical CDMA 
base station. In the region of a strong CDMA pilot 
signal due to light traffic load, the pilot coverage for 30 
a CDMA base station is expanded because the re- 
ceived Ec/lo ratio at the mobile station increases. 

Thus, if the base station attempts to handdown the 
mobile station for AMPS service by the same base 
station in such a region, then the call may be 35 
dropped because the station's AMPS coverage Is 

too small when compared to its CDMA pilot cover- 
age. 



threshold. 

[0010] According to another aspect of the invention, 
a method of triggering a handdown or a handoff of a mo- 
bile station served by a base station of a cellular wireless 
communication system, Includes receiving, at the mo- 
bile station, a control signal transmitted at a known pow- 
er level from the base station, and a receive power level 
threshold for the control signal which threshold corre- 
sponds to the known transmit power level of the control 
signal and a tolerable path loss for signal links between 
the mobile and the base stations. A handdown or a 
handoff of the mobile station is triggered after the mobile 
station derives the received power level of the control 
signal, and determines that the received power level is 
less than the receive power level threshold. 

[0011] Fora better understanding of the invention, ref- 
erence Is made to the following description taken in con- 
junction with the accompanying drawing and the ap- 
pended claims. 

Brief Description Of The Drawing 
[0012] In the drawing: 

FIG. 1 shows a CDMA system base station having 
a cell that borders a cell of a different system base 
station, and a mobile station served by the CDMA 
base station; 

FIG. 2 shows two base stations with bordering cells 
as in FIG. 1 . with the mobile station crossing a de- 
fined handdown trigger boundary: 

FIG. 3 is a schematic block diagram of a receiver 
section of the mobile station; 

FIG. 4 is a flow diagram illustrating a hand down 
procedure according to the invention; and 



Summary Of The Invention 

[0009] A scheme is provided for triggering a handoff 
or a handdown of a mobile station served by a base sta- 
tion in a cellular wireless communication system. Prop- 
agation path loss for signal links between the base sta- 
tion and the mobile station is used to trigger a handoff 
or a handdown. For example, the scheme can include 
determining a tolerable path loss for signal links be- 
tween the the mobile and the base stations, and radiat- 
ing a control signal at a known transmit power level from 
the base station over its associated cell. A receive power 
level threshold for the control signal is determined for 
the mobile station, according to the known transmit pow- 
er level of the control signal and the tolerable path loss. 
A handdown or a handoff of the mobile station is trig- 
gered after deriving the received power level of the con- 
trol signal at the mobile station, and determining that the 
received power level is less than the receive power level 



Fig. 5 is a flow diagram illustrating a handoff proce- 
dure according to the invention. 

Detailed Description Of The invention 

[0013] As used herein, the term "handdown" is de- 
fined to include a procedure wherein a mobile station 
being served by a first base station using a first multiple 
access system, such as CDMA (FI), of a first wireless 
communication system, is handed down for service by 
the first base station but using frequency channels and/ 
or signaling protocols of a second multiple access sys- 
tem. Additionally, in certain embodiments, the second 
multiple access system corresp>onds to a second base 
station of a second wireless communication system 
whose cell borders or overlaps the cell of the first base 
station. Moreover, the second base station of the bor- 
dering cell can belong to a service provider different 
from the provider of the first base station 
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[001 4] The term "handoff" is defined herein to include 
a procedure wherein a mobile station being served by 
a first base station is handed over for service by a sec- 
ond base station whose cell borders or overlaps the cell 
of the first base station. 

[0015] The following considerations are made in de- 
fining a trigger for initiating a handdown or a handoff of 
a mobile station: 

I The trigger is defined on the basis of propagation 
path loss between the mobile station and a current 
serving base station. Propagation path loss is inde- 
pendent of the traffic load condition at the serving 
base station at any given time. 

II. Signaling between the mobile and the serving 
base station concerning the trigger should be re- 
duced. This avoids placing ongoing signal process- 
ing demands on either station and their system in- 
frastructure. 

[CX)16] The illustrated embodiment concerns a CDMA 
system operating with a first allocation of frequency 
channels (FI ) and having base stations whose cells bor- 
der on cells of neighboring AMPS base stations, or on 
cells of neighboring CDMA base stations operating with 
a second frequency channel allocation (F2). Those 
skilled in the art will understand that the disclosed in- 
vention may be adapted to initiate handoffs of mobile 
stations traveling between any two base station cells, or 
sectors of a given base station cell, whether the base 
stations operate with the same or different frequency 
channels and/or system protocols. 

[0017] FIG. 1 shows a base station 10 that is con- 
structed and arranged to serve mobile stations within a 
geographic area cell A of a first cellular wireless com- 
munication system 1 2. In this embodiment, the base sta- 
tion 10 operates as part of a CDMA system with a first 
allocation of frequency channels (FI ). Depending on the 
embodiment, the base station 10 can handdown from a 
CDMA system (F 1 ) to an AMPS system, or to a different 
CDMA system (F2). In this embodiment, the base sta- 
tion 10 is arranged to handdown a CDMA mobile station 
1 6 currently served by the base station 1 0, for continued 
service by the base station 10 but using signaling and/ 
or frequency protocols of a second wireless communi- 
cation system 22. For example, the system 22 may be 
an analog (AMPS) system having a base station 24 
whose cell B borders on and partly overlaps cell A. Al- 
ternatively, base station 10 may be arranged to hand- 
down the mobile station 1 6 for a different CDMA service 
by the base station 10, using frequency channels F2 cor- 
responding to the second CDMA wireless communica- 
tion system 22 

[0018] In the disclosed embodiment, the base station 
10 is equipped to transmit a primary pilot signal corre- 
sponding to the CDMA-F1 system 1 2 at a set power lev- 
el. so that the primary pilot signal radiates effectively to 



a primary pilot signal boundary 14. For example, and 
without limitation, a typical pilot signal may be radiated 
by setting a base station transmitter output power at 
around eight watts, and feeding the output signal to a 
5 base station antenna having a typical gain of around 
eight dB. The boundary 14 thus defines an outer limit 
for CDMA service coverage by the base station 10 using 
the protocols of the first communication system 12. It 
will be understood that the boundary 14 is not always 
10 circular since it depends on signal path loss which typ- 
ically varies for different headings from the base station, 
due to intervening structures and terrain. 

[0019] Base station 24 in cell B is equipped to estab- 
lish two-way wireless links with mobile stations inside 
is cell B, according to the protocols of the second commu- 
nication system 22. As mentioned, the second system 
22 may be an "analog** one operating, for example, ac- 
cording to AMPS protocols, or it may be a second CDMA 
system using frequency channel allocations (F2) differ- 
20 enl from the first allocation (F1) of CDMA frequency 
channels. A boundary 26 defines a maximum limit of 
service area coverage by the base station 24. 

[0020] Because of Its proximity to cell B, base station 
10 of the first system 12 is equipped to handdown serv- 
2S ice of the mobile station 1 6 such that the latter continues 
to be served by the base station 1 0, but according to the 
protocols of the second communication system 22. Al- 
ternatively a handoff triggering procedure can also re- 
sult in a hard handoff of the mobile station 16 directly to 
30 the base station 24 As explained below, the decision 
whether to handdown or to handoff can depend on the 
amount of signal path loss being experienced between 
the base station 10 and the mobile station 16. In this 
embodiment, after the handdown is performed, base 
35 station 10 serves the mobile station 16 using the same 
frequency channels and signaling protocols (o.g., 
AMPS or CDMA-F2) used by base station 24 of cell B, 
as far as a defined outer boundary 18 about the base 
station 10. Thus, boundary 18 corresponds to a hand- 
40 down service area coverage for base station 10 within 
which it can also provide one of, e g., AMPS service, or 
CDMA service using the second allocation of frequency 
channels (F2), depending on the nature of the bordering 
second wireless communication system 22. 

45 [0021] In the disclosed embodiment, a handdown trig- 

ger (T_Handdown) is defined according to a known 
transmit power level of the primary pilot signal from the 
base station 10, and a tolerable signal propagation path 
loss between the base station 10 and the mobile station 
50 16 for a desired quality of service under protocols of the 

first (CDMA-F1) communication system 12. For pres- 
ently known CDMA systems, a tolerable path loss is typ- 
ically between about 142 to 148 dB. Generally, the al- 
lowable path loss is a function of the maximum uplink 
55 signal power available from a given mobile station, as 
is known in the art. 

[0022] In the present embodiment, the handdown trig- 
ger is initially transmitted to the mobile station using, for 
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example, a forward traffic channel from the base station 
10 The trigger is then stored by the mobile station 16 
The mobile station then periodically derives a received 
power level of the primary (F1 ) pilot signal radiated from 
base station 1 0, and determines if the handdown trigger s 
has been reached. 

[0023] In FIG. 1, the tolerable path loss corresponds 
to a fixed distance from base station 10 thus defining a 
circular handdown trigger boundary 20. As explained 
above with respect to the pilot signal boundary 14, the to 
trigger boundary 20 need not necessarily be circular. 

The trigger boundary 20 is defined on the basis of the 
tolerable signal propagation path loss. Forward traffic 
(voice) signals from the base station 10 thus may sus- 
tain the same path loss at different distances from the ts 
base station 1 0, depending on the heading of the mobile 
station relative to the base station. 

[0024] As mentioned, after the mobile station 1 6 re- 
ceives the trigger T_Handdown from the base station 
10, it periodically derives the received power of the pri- ^o 
mary pilot signal radiated from base station 10. The 
computation may be performed for example, by per- 
forming a conventional pilot signal strength measure- 
ment Ec/lo, and then multiplying the measured Ec/lo ra- 
tio by lo. With respect to the value of to alone, the mobile 
station can, for example, periodically measure total 
power of signals received over the operating frequency 
channels of the first communication system 12, and 
compute an average total received signal power which 
average is taken as lo. If the Ec/lo and the lo measure- 30 
ments are each computed In terms of decibels, the re- 
sults can then be added to obtain a relative received pilot 
signal power Ec in decibels. Alternative ways to deter- 
mine these measurements are possible. 

[0025] FIG. 3 shows a receiver section 40 of the mo- 35 
bile station 16. An Ec/lo ratio measurement is typically 
performed by circuitry 42 coupled to an output of a long 
code descrambling stage 44, as is known in the art. The 
value of lo can be measured, for example, by a power 
measurement circuit 46 coupled to an output of an ex- 40 
Isting receiver band pass filter 48, wherein an antenna 
50 of the receiver section 40 is coupled to an input of 
the filter 48. 

[0026] Next, mobile station 16 compares the obtained 
pilot signal power level Ec with T_Handdown. As long -^3 
as Ec is greater then T_Handdown, no handoff related 
signals need be transmitted from the mobile station 16 
lo the base station 10. Control signaling between the 
two stations concerning the threshold is therefore re- 
duced. and ongoing traffic between the stations may so 
continue with the desired quality of service. 

[0027] In FIG. 2, the mobile station 16 is moving over 
the handdown trigger boundary 20 of cell A as it moves 
farther into cell B. When the mobile station compares 
Ec with T_Handdown beyond the boundary 20, Ec be- ss 
comes less than T_Handdown. In this embodiment, the 
mobile station 16 then transmits its Ec/lo and lo meas- 
urements to the serving base station 10. The base sta- 



tion 1 0 will then typically report the measurements to the 
MSC with which the base station is wired. Alternative 
embodiments may have the mobile station transmit a 
derived Ec value alone to the serving base station. 
[0028] At least two scenarios may occur. See FIGS. 
4 and 5. For example, in FIG. 4, the signal path loss 
reflected by the reported measurements is such that the 
mobile station 16 can be served by the base station 10 
under the protocols of the second system 22, i.e., mobile 
station 16 is within the secondary service boundary 18 
of base station 10. Thus, the mobile station is handed 
down for such service by the base station 10. As the 
mobile station continues to travel into cell B, known 
“soft" handoff procedures can be initiated wherein the 
mobile station 16 simultaneously communicates with 
base station 10 and base station 24 if, for example, the 
mobile station 16 has been handed down to a CDMA 
(F2) system corresponding to the second base station 
24. 

[0029] Assuming, for example, an allowable path loss 
of 145 dB, a handdown trigger is typically set to five dB 
less than the allowable path loss, i.e.. a tolerable path 
loss of 140 dB. If the path loss indicated by the meas- 
urements at the mobile station is, e g., up to three dB 
more than the handdown trigger (between 140 to 143 
dB), a handdown of mobile station 1 6 to base station 10 
may be appropriate. 

[0030] A direct or "hard" handoff to the base station 
24 is represented in FIG 5. There, the measured re- 
ceived Ecy'lo and lo may indicate that the signal path 
loss is three dB or more above the handdown trigger. 
For example, the mobile station 16 may have traveled 
beyond the secondary service coverage boundary 1 8 of 
base station 10 into cell B. The mobile station is then 
handed off directly to the base station 24 of cell B. 
[0031] As mentioned, according to one embodiment 
of the Invention, signals representing a handdown or 
handoff request from a mobile station are transmitted 
from the mobile station only when the propagation path 
loss between the mobile station and its serving base sta- 
tion exceeds a certain level. A CDMA base station typ- 
ically always monitors its transmit pilot signal power 
(P_pllot). The handdown trigger value T_Handdown 
may therefore be defined to be a threshold received pilot 
signal power level, such that; 



T_Handdown = P_pilot - T_pathloss (all in dB): 



wherein. 

P_pilot = transmit pilot signal power at base station 

T_pathloss = tolerable link path loss for a desired 
quality of service 

[0032] In a CDMA system, the disclosed procedure 
can be implemented, for example and without limitation. 
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by the following steps; 

1. After acquiring a mobile station on a traffic chan- 
nel. a serving base station sends a received pilot 
power threshold (PILOT PWR_THRES) value to 
the mobile station. 



sponding total received signal power measurements 
(lo) to the base station, autonomously. The base station 
can then calculate the power level of the control signal 
received at the mobile station, and determine when the 
5 received signal power level is less than the threshold 
power level. 



2. The base station sends a request for periodic pilot 

strength measurements (Ec/lo) from the mobile sta- Claims 



tion, with corresponding total received signal power 
measurements (lo). The mobile station is instructed 
to report when a strongest received pilot power 
computed by the mobile station as (Ec/lo) + lo, is 
less than PILOT_PWR_THRES. 

15 

3. After receiving one or more reports from the mo- 
bile station indicating that the received pilot signal 
power is less than PILOT_PWR_THRES, the base 
station and its associated MSC decide whether to 
handdown the mobile station (FIG. 4), or lo handoff 
the mobile station directly for service by a different 
base station of a bordering cell (FIG. 5). 

[ 0033 ] An example of how current systems can be 
adapted to use path loss to trigger a handdown or hand- ^5 
off is as follows: 

1. Define a new periodic Pilot Strength Measure- 
ment Request Order with ORDER code = '010001'. 
ORDQ = nnnnnnnn (where nnnnnnnn specifies the 30 
report period), and one Order Specific field to spec- 
ify the pilot signal power threshold 
(PlLOT_PWR_THRES). 

2. After acquiring a mobile station on a traffic chan- ^5 
nel, a serving base station sends the new Order to 
request periodic pilot strength measurements from 
the mobile station, specifying the report interval and 
the condition under which the mobile station is to 
report the measurements. 



1 . A method of triggering a handdown or a handoff of 
a mobile station served by a base station of a cel- 
lular wireless communication system, CHARAC- 
TERIZED BY: 

radiating a control signal at a known transmit 
power level from the base station over said cell; 

determining a receive power level threshold for 
the control signal for the mobile station, accord- 
ing to the transmit power level and a tolerable 
path loss for signal links between a base station 
and a mobile station; and 

triggering a handdown or a handoff of the mo- 
bile station after deriving a received power level 
of the control signal at the mobile station, and 
determining that the received power level is 
less than the receive power level threshold. 

2. The method of claim 1 , CHARACTERIZED IN THAT 
said radiating step comprises radiating a pilot signal 
as the control signal from a base station operating 
as part of a code division multiple access (CDMA) 
system. 

3. The method of claim 1, CHARACTERIZED BY 
transmitting the receive power level threshold from 
the base station to the mobile station after the base 
station acquires the mobile station for service. 



3. The mobile station periodically transmits a pilot 
Strength Measurement Message (PSMM) and, in 
addition, a total serving frequency signal power val- 
ue (SF_RX_PWR) to the base station when a -^5 
strongest received pilot power derived as (Ec/lo) 

(dB) + lo(dBm) is less than PILOT_PWR_THRES. 
Thus, the newly defined PSMM may be considered 
as an extension of the PSMM used in a current IS- 
95 standard. 



4 . The method of claim 1, CHARACTERIZED IN THAT 
the triggering step includes receiving, at the base 
station, signals from the mobile station indicating 
that the received power level is less than the receive 
power level threshold. 

5. The method of claim 4, CHARACTERIZED IN THAT 
the deriving and the determining steps of the trig- 
gering step are carried out by the base station. 



[ 0034 ] While the foregoing description represents a 
preferred embodiment of the invention, it will bo obvious 
to those skilled in the art that various changes and mod- 
ifications may be made, without departing from the spirit 55 
and scope of the invention pointed out by the following 
claims. For example, the mobile station may transmit 
periodic pilot strength measurements (Ec/lo) with corre- 



6. The method of claim 4. CHARACTERIZED IN THAT 
the deriving and the determining steps of the trig- 
gering step are carried out by the mobile station. 

7. The method of claim 4. CHARACTERIZED BY 
handing down the mobile station for service by the 
base station using system protocols of a wireless 
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communication system having a cell that borders 
on the cell of the base station. 

8. The method of claim 4 CHARACTERIZED BY 
handing off the mobile station for service by a dif- 5 
ferent base station having an associated cell that 
borders on the cell of the base station. 

9. The method of claim a CHARACTERIZED BY 
handing down the mobile station for service by the fo 
base station using system protocols of a wireless 
communication system having a cell that borders 

on the cell of the base station, before handing off 
the mobile station for service by said different base 
station. ^5 

10. The method of claim 1. CHARACTERIZED BY 
maintaining the transmit power level of the control 
signal substantially independent of traffic loading at 
the base station. 

1 1 . The method of claim 1 , CHARACTERIZED I N THAT 
the deriving step of the triggering step Includes 
measuring a ratio of received control signal power 
divided by total received signal power, and meas- 
uring the received control signal power. 

12. The method of claim 2, CHARACTERIZED IN THAT 
the deriving step of the triggering step includes 
measuring a ratio of received pilot signal power di- 30 
vided by total received signal power (Ec/lo), and 
measuring the total received signal power (lo). 

13. A method of triggering a handdown or a handoff of 

a mobile station served by a base station of a cel- 35 
lular wireless communication system, CHARAC- 
TERIZED BY: receiving, at a mobile station, a con- 
trol signal that is radiated from a serving base sta- 
tion at a known transmit power level: 

40 

receiving, at the mobile station, a receive power 
level threshold for the control signal which 
threshold corresponds to a tolerable path loss 
for signal links between the base station and 
the mobile station; and ^5 



15. The method of claim 13, CHARACTERIZED IN 
THAT the second receiving step comprises receiv- 
ing the receiving power level threshold from the 
base station after the base station acquires the mo- 
bile station for service. 

16. The method of claim 13, CHARACTERIZED IN 
THAT the triggering step includes transmitting, from 
the mobile station, at least one signal indicating that 
the received power level of the control signal at the 
mobile station is less than the receive power level 
threshold. 

17. The method of claim 13, CHARACTERIZED IN 
THAT the deriving step of the triggering step in- 
cludes measuring a ratio of control signal power di- 
vided by total received signal power, and the re- 
ceived signal power. 

20 18. The method of claim 14, CHARACTERIZED IN 

THAT the deriving step of the triggering step in- 
cludes measuring a ratio of received pilot signal 
power divided by total received signal power (Ec/ 
lo), and measuring the received signal power (lo). 



triggering a handoff of the mobile station after 
deriving a received power level of the control 
signal at the mobile station, and determining 
that the received power level is less than the so 
receive power level threshold. 

14. The method of claim 13, CHARACTERIZED IN 
THAT the first receiving step comprises receiving a 
pilot signal as the control signal from the base sta- ss 
tion as part of a code division multiple access (CD- 
MA) system 
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